Translocation of a knotted polypeptide through a pore.
We use Langevin dynamics simulations to study how the presence of a deep knot affects the time it takes to thread a polypeptide chain through a narrow pore by pulling mechanically at its end. The polypeptide was designed to contain a knotted unstructured segment inserted between two beta-hairpins, which prevented the knot from slipping off the chain ends. In the range of forces studied (40-200 pN), the mean translocation time increased with the knot complexity. The type 5(2) knot, which was recently discovered in the structure of human ubiquitin hydrolase and is the most complex knot found in the protein databank, slows down translocation by about two orders of magnitude, as compared to the unknotted chain. In contrast to the unknotted chain case, the translocation mechanism of knotted chains involves multiple slippage events suggesting that the corresponding free energy landscape is rugged and involves multiple metastable minima.